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(57)Abstract: 



PROBLEM TO BE SOLVED: To provide a capacitor element and multilayer 
wiring board containing the capacitor element which are down-sized and has a 
low inductance. 

SOLUTION: The capacitor element 5 has lead-out electrodes 4 in which 
conductors are filled into a plurality of throughholes 3 penetrating in a vertical 
direction to many electrode layers 1 , and the lead-out electrodes 4 extrude 
outside the base surfaces of the capacitor element 5. The multilayer wiring board 
1 1 contains the capacitor element 5, and the lead-out electrodes 4 are connected 
to connecting pads 9 through penetrating conductors 8 on both upper/ lower 
main surfaces of the capacitor element 5. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is the capacitor element characterized by being the capacitor element 
which has the drawer polar zone which carries out the laminating of many 
electrode layers and ceramic dielectric layers by turns, changes, and two or more 
through tubes perpendicularly penetrated to the electrode layer of said large 
number are filled up with a conductor, and changes, and having projected said 
drawer polar zone on the outside of the principal plane of said capacitor element. 
[Claim 2] A conductor is formed, while carrying out the laminating of two or more 
insulating layers which consist of an organic material -- the front face of these 
insulating layers -- wiring - Through a conductor, connect electrically and it 
changes, said wiring located up and down on both sides of said insulating layer -- 
a conductor -- the penetration formed in said insulating layer in between -- said 
wiring located in the up-and-down outermost layer -- it considering as the 
connection pad by which some conductors are connected with an external 
electrical circuit, and, while building a capacitor element according to claim 1 in 
the interior of the cavernous section which said insulating layer was further alike 
at least, and was prepared vertical both the principal planes of this capacitor 
element - setting - said drawer polar zone - said penetration -- the multilayer- 
interconnection substrate with a built-in capacitor element characterized by 
connecting with said connection pad electrically through a conductor. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the wiring substrate which 
contained the capacitor element and it which are used for electronic equipment, 
such as various AV equipments, a household-electric-appliances device, 
communication equipment and a computer, and its peripheral device. 
[0002] 

[Description of the Prior Art] A conductor is formed, wiring of plurality [ front face / 
which consist of organic resin ingredients, such as an insulating layer or a glass 
epoxy resin with which a wiring substrate consists of ceramic ingredients, such 
as an alumina, conventionally, / of an insulating layer / the interior and the front 
face ] -- Through a conductor, connect electrically and it changes, wiring located 
up and down - a conductor - the penetration which formed between in the 
insulating layer -- while carrying out loading attachment of the electronic devices, 
such as a semiconductor device, and a capacitor, a resistance element, on the 
front face of this wiring substrate - these electrodes ~ each wiring - the 
electronic instrument used for electronic equipment is formed by connecting with 



a conductor. 

[0003] However, small and thin shape, and lightweight-ization is required as 
electronic equipment being represented by mobile communication equipment, 
and small and densification are increasingly required also for the wiring substrate 
carried in such electronic equipment in recent years. 

[0004] Since it corresponds to such a demand, mounting a chip-like capacitor 
element in the interior of a wiring substrate is proposed by JP,1 1-220262,A in 
order to reduce the number of the electronic devices carried in the front face of a 
wiring substrate and to miniaturize a wiring substrate. 
[0005] 

[Problem(s) to be Solved by the Invention] While the further miniaturization of 
electronic equipment is required in recent years, the capacitor element nearby 
miniaturization built in a wiring substrate with the miniaturization of a wiring 
substrate is required increasingly. 

[0006] however, a chip-like capacitor element as shown in JP,1 1-220262.A -- a 
wiring substrate -- building -- wiring inside a wiring substrate -- a conductor or 
penetration, in order to make electric connection with a conductor Although it is 
necessary to form in the top face and/or inferior surface of tongue of a capacitor 
element the surface electrode which consists of solder or a conductive paste by 
approaches, such as screen printing Forming a detailed surface electrode with 
the miniaturization of a capacitor element changed with difficulty, and the 
miniaturization of the capacitor element for wiring substrate built-in had the 
trouble of being difficult. 

[0007] furthermore, wiring whose electronic equipment, such as communication 
equipment, a frequency is used in high frequency field several 100MHz or more, 
and connects the electrode of a capacitor element, and electronic parts, such as 
a semiconductor device, in such a high frequency field in recent years with 
improvement in the speed of transmission speed - it is becoming impossible to 
disregard the inductance component resulting from the die length of a conductor 
When a chip-like capacitor element is built in a wiring substrate, for this reason, 



the electrode drawer from each electrode layer of a capacitor element to the end- 
face electrode of a capacitor element side face, Since there is furthermore 
leading about of electrodes, such as a top face of a capacitor element and/, or an 
electrode drawer to an inferior surface of tongue, The inductance component 
resulting from the die length of a leading-about electrode will become big. 
deltaV=L-dl/dt (deltaV - a power-source noise and L - an inductance and I - a 
current value -) t became so large that power-source noise deltaV generated by 
the inductance component defined by time amount cannot be disregarded, and 
had the trouble of making electronic equipment, such as communication 
equipment, generate malfunction etc. 

[0008] This invention is thought out in view of the trouble of this conventional 
technique, and the purpose has little generating of a noise and is to offer the 
small capacitor element and the multilayer-interconnection substrate with a built- 
in capacitor element which do not make electronic equipment, such as 
communication equipment, generate malfunction. 
[0009] 

[Means for Solving the Problem] It is the capacitor element which has the drawer 
polar zone which the capacitor element of this invention carries out the 
laminating of many electrode layers and ceramic dielectric layers by turns, and 
changes, and two or more through tubes perpendicularly penetrated to many 
electrode layers are filled up with a conductor, and changes, and the drawer 
polar zone is characterized by having projected on the outside of the principal 
plane of this capacitor element. 

[0010] Moreover, the multilayer-interconnection substrate with a built-in capacitor 
element of this invention A conductor is formed, while carrying out the laminating 
of two or more insulating layers which consist of an organic material -- the front 
face of these insulating layers -- wiring -- Through a conductor, connect 
electrically and it changes, wiring located up and down on both sides of an 
insulating layer -- a conductor - the penetration formed in the insulating layer in 
between - wiring located in the up-and-down outermost layer -- it considering as 



the connection pad by which some conductors are connected with an external 
electrical circuit, and, while building the above-mentioned capacitor element in 
the interior of the cavernous section which the insulating layer was further alike at 
least, and was prepared vertical both the principal planes of this capacitor 
element - setting - pulling out -- the polar zone - penetration - it is 
characterized by connecting with a connection pad electrically through a 
conductor. 

[001 1] Since it shall have the drawer polar zone which the through tube which 
penetrates a capacitor element perpendicularly to many electrode layers is filled 
up with a conductor, and changes according to the capacitor element of this 
invention, and a diameter can form easily the detailed drawer polar zone of 
several 10 micrometers, without printing an end-face electrode and a surface 
electrode to a capacitor element, it can miniaturize. Moreover, since had to take 
about an electrode, it did not have to be carried out [ the end-face electrode and 
the surface electrode could be arranged in the capacitor element, ], it could pull 
out by the minimum distance right above [ of an electrode layer ] and the polar 
zone was formed, it should be possible to have made small the inductance 
component resulting from the die length of a leading-about electrode, and it 
should excel in the electrical property with few power-source noises also in the 
RF field. Furthermore, since the drawer polar zone has projected on the outside 
of the principal plane of a capacitor element according to the capacitor element 
of this invention When a capacitor element is built in a multilayer-interconnection 
substrate and a multilayer-interconnection substrate with a built-in capacitor 
element is manufactured, it sets at the pressurization process. It becomes 
possible to raise pack density, the penetration which was projected on the 
outside of the principal plane of a capacitor element and to which it pulled out 
and the polar zone was formed in the insulating layer - a conductor -- 
pressurizing - penetration - the conductor of a conductor - penetration - the 
electric resistance of a conductor is decreased - it can make - consequently, 
penetration - the inductance component of a conductor can be made small, 



there is little generating of a noise, and electronic equipment, such as 
communication equipment, is not made to generate malfunction 
[0012] moreover, from having built the above-mentioned capacitor element in the 
interior of the cavernous section which the insulating layer was further alike at 
least, and was prepared according to the multilayer-interconnection substrate 
with a built-in capacitor element of this invention Since a capacitor element haves 
to arrange neither an end-face electrode nor a surface electrode like the 
conventional capacitor element and does not have to take about and carry out an 
electrode It becomes possible to realize low inductance-ization from the 
multilayer-interconnection substrate which contained the conventional capacitor 
element, and there is little generating of a noise and it can consider as the 
multilayer-interconnection substrate with a built-in capacitor element which does 
not make electronic equipment, such as communication equipment, generate 
malfunction. 

[0013] It considers as the connection pad by which some conductors are 
connected with an external electrical circuit, furthermore, wiring which is located 
in the up-and-down outermost layer according to the multilayer-interconnection 
substrate with a built-in capacitor element of this invention -- vertical both the 
principal planes of a capacitor element ~ setting -- pulling out -- the polar zone -- 
penetration, since it was made to connect with a connection pad electrically 
through a conductor and becomes possible to connect an external electrical 
circuit with a capacitor element electrically by the minimum distance The 
inductance resulting from the die length of wiring can be reduced, and the 
effectiveness of noise reduction can consider as a large multilayer- 
interconnection substrate with a built-in capacitor element. 
[0014] 

[Embodiment of the Invention] Next, the capacitor element of this invention and a 
multilayer-interconnection substrate with a built-in capacitor element are 
explained to a detail based on an attached drawing. 
[0015] Drawing 1 is the sectional view showing an example of the gestalt of 



operation of the capacitor element of this invention. Moreover, drawing 2 is the 
sectional view of the multilayer-interconnection substrate with a built-in capacitor 
element of this invention which built in the capacitor element of drawing 1 , and 
shows the case where one capacitor element is built in, by this example. In these 
drawings, for 1 , as for a ceramic dielectric layer and 3, an electrode layer and 2 
are [ a through tube and 4 ] drawer polar zone, and the capacitor element 5 of 
this invention mainly consists of these. 6 [ moreover, ] -- an insulating layer and 7 
-- wiring -- a conductor and 8 -- penetration ~ a conductor and 9 are connection 
pads and the multilayer-interconnection substrate 1 1 with a built-in capacitor 
element of this invention mainly consists of these and a capacitor element 5. In 
addition, the multilayer-interconnection substrate 11 with a built-in capacitor 
element which carries out the three-layer laminating of the insulating layer 6 to 
drawing 2 , and grows into it is shown. Moreover, the cavernous section 10 is 
formed in at least one layer of an insulating layer 6 by which the multilayer- 
interconnection substrate 1 1 with a built-in capacitor element is located in the 
interior, and the capacitor element 5 is laid under the cavernous section 10. 
[0016] Length, width, and height are the rectangular parallelepipeds which are 
0.3-5mm, respectively, and the capacitor element 5 is formed by carrying out the 
laminating of the ceramic dielectric layer 2 and the electrode layer 1 to drawing 1 
by turns, as shown in a sectional view. 

[0017] As an ingredient of such a ceramic dielectric layer 2, various dielectric 
ceramic ingredients can be used, for example, it is calcium about Ba which is the 
ceramic constituent of BaTi03, or a LaTi03, CaTi03 and SrTi03 grade, or the 
configuration element of BaTi03, and barium titanate system ingredients, such 
as the solid solution which permuted Ti partially by Zr or Sn, a lead system 
perovskite type structure compound, etc. are mentioned. 
[0018] Moreover, as an ingredient which forms the electrode layer 1, metals and 
those alloys, such as Pd and Ag-Pt-nickel-Cu-Pb, are used, for example. 
[0019] Furthermore, the capacitor element 5 has the drawer polar zone 4 which 
the through tube 3 perpendicularly penetrated to many electrode layers 1 is filled 



up with a conductor, and changes. 

[0020] From having the drawer polar zone 4 which the through tube 3 which 
penetrates a capacitor element 5 perpendicularly to many electrode layers 1 is 
filled up with a conductor, and changes according to the capacitor element 5 of 
this invention Since a diameter can form easily the detailed drawer polar zone 4 
of several 10 micrometers, without printing an end-face electrode and a surface 
electrode to a capacitor element 5, while being able to miniaturize a capacitor 
element 5 Since have to take about an electrode, it is not necessary for an end- 
face electrode and a surface electrode to be arranged in a capacitor element 5, 
and to carry out it, it can pull out by the minimum distance right above [ of the 
electrode layer 1 ] and the polar zone 4 can be formed It should be possible to 
have made small the inductance component resulting from the die length of a 
leading-about electrode, and it should excel in the small electrical property of a 
power-source noise also in the RF field. 

[0021] In addition, the number of the drawer polar zone 4 is 4-50, and these are 
classified into the 1st drawer polar zone and the 2nd drawer section. And the 
electrode layer 1 which constitutes a capacitor element 5 is also classified into 
the 1st electrode layer and the 2nd electrode layer, and the 1st electrode layer is 
electrically connected by the 1st drawer electrode. Moreover, the 2nd drawer 
electrode connects electrically, and the 2nd electrode layer is arranged so that it 
may counter with the 1st electrode layer through the ceramic dielectric layer 2. 
[0022] When such drawer polar zone 4 has the inclination for the effectiveness of 
reducing an inductance as the number is less than four pieces to become small 
and it exceeds 50 pieces, it has the inclination for the area of the electrode layer 
1 to become small and for the capacity of a capacitor element 5 to become small. 
[0023] Moreover, it is important in order for making it the 1st drawer polar zone 
and the 2nd drawer polar zone adjoin each other to reduce an inductance, and 
when the 1st drawer polar zone and the 2nd drawer polar zone arrange so that it 
may be located at the lattice point when a grid-like array adjoins, respectively, 
arrangement of the drawer polar zone 4 can reduce an inductance more, and is 



desirable. 

[0024] Furthermore, spacing of drawer polar-zone 4 adjoining comrades is 50- 
400 micrometers. There is a danger of short-circuiting in case it will be filled up 
with conductive paste, if smaller than 50 micrometers, and when larger than 400 
micrometers, there is an inclination for the effectiveness of inductance reduction 
to become small. 

[0025] As for the through tube 3 formed in such a capacitor element 5, it is 
desirable to be formed in the layered product which consists of the electrode 
layer 1 and the ceramic dielectric layer 2 by approaches, such as laser drilling 
processing by punching processing and UV-YAG laser by punching, excimer 
laser, carbon dioxide gas laser, etc., and to be formed of drilling processing by 
laser, in order to consider as the detailed through tube 3 especially. Moreover, 
what is necessary is for the path of a through tube 3 to be several 10 
micrometers - several mm, and just to decide it suitably in accordance with the 
magnitude of a capacitor element 5. 

[0026] In addition, a through tube 3 may perform ultrasonic-cleaning processing, 
DESUMIA processing, etc. after punching processing or laser drilling processing, 
in order to make good electrical installation of the conductor and the electrode 
layer 1 with which the interior is filled up. 

[0027] Moreover, it is desirable to contain the thing of the same quality of the 
material as the electrode layer 1 from a viewpoint of metals and those alloys, 
such as Pd and Ag-Pt-nickel-Cu-Pb, being used, and making good especially 
electrical installation with the electrode layer 1 as a conductor with which a 
through tube 3 is filled up. 

[0028] The conductor with which such a through tube 3 is filled up is formed by 
filling up into a through tube 3 the conductive paste which is made to distribute 
metal powder and changes in the organic vehicle made to dissolve organic 
binder resin in an organic solvent with approaches, such as screen printing. In 
addition, in a vehicle, various dispersants, activators, plasticizers, etc. besides 
these may be added if needed. 



[0029] Moreover, the organic binder resin used for conductive paste has the role 
which gives proper viscosity and a proper rheology in the embedding to a 
through tube 3 while making homogeneity distribute metal powder, for example, 
acrylic resin, phenol resin, an alkyd resin, rosin ester ethyl cellulose methyl 
cellulose, PVA (polyvinyl alcohol), polyvinyl butyrate, etc. are mentioned. It is 
desirable to use acrylic resin from a viewpoint of improving dispersibility of metal 
powder especially. 

[0030] Furthermore, as for the organic solvent used for conductive paste, it is 
desirable to dissolve organic binder resin, to distribute a metal powder particle, 
and for an ester system, naphtha, etc., such as alcoholic systems, such as 
nothing, for example, alpha-terpineol, and benzyl alcohol, a hydrocarbon system 
and an ether system, and BCA (butyl carbitol acetate), to be used in the role 
which makes such whole mixed stock the shape of a paste, and to use alcohols 
solvents, such as alpha-terpineol, from a viewpoint of improving dispersibility of 
metal powder especially. 

[0031] Conductive paste can be considered as the paste which added the glass 
frit and the ceramic frit further again, in order to raise the bond strength to the 
capacitor porcelain after embedding and baking. It is not limited especially as the 
glass frit or ceramic frit in this case, and titanium system oxides, such as glass of 
a hoe silicate system or a hoe silicic acid zinc system or titania barium titanate, 
etc. can be used suitably. 

[0032] Such a capacitor element 5 is manufactured by the following approach. 
[0033] First, nickel metal paste created by the well-known paste creating method 
is printed on a BaTi03 dielectric ceramic green sheet front face so that it may 
change with a predetermined configuration with screen printing, a non-calcinated 
electrode layer is formed in it, continuously, the laminating of these is carried out 
to predetermined sequence, they are stuck [ it changes with the ceramic 
dielectric layer 2 created by the well-known sheet forming method, for example, ] 
to it by pressure, and a layered product is obtained. And to this layered product, 
the two or more through tubes 3 formation-back is rinsed to a position with laser, 



a through tube 3 is rinsed by ultrasonic cleaning, and it is filled up with the 
conductive paste which changes from for example, nickel metal powder, acrylic 
resin, and alpha-terpineol to this through tube 3 with screen printing. It is 
manufactured by calcinating these at the temperature of 800-1600 degrees C 
after an appropriate time. 

[0034] In addition, the organic binder resin after baking and a solvent are 
removed, and the conductor with which the through tube 3 was filled up changes 
with the drawer polar zone 4. 

[0035] Moreover, it is characterized by having projected this drawer polar zone 4 
on the outside of the principal plane of a capacitor element 5 at this invention, 
and this is important in this invention. 

[0036] From according to the capacitor element 5 of this invention, having pulled 
out to capacitor element 5 principal plane, and having made the polar zone 4 
project When the capacitor element 5 was built in the multilayer-interconnection 
substrate and the multilayer-interconnection substrate 11 with a built-in capacitor 
element is manufactured, the penetration formed in the insulating layer 6 in the 
pressurization process at the time of multilayer-interconnection substrate with 
built-in capacitor element 1 1 production, when a pressure cuts to a conductor 8 
at homogeneity penetration - the conductor of a conductor 8 - it becomes 
possible to raise pack density and electric resistance is decreased - it can make 
-- consequently, penetration -- the inductance component of a conductor 8 can 
be made small, there is little generating of a noise, and electronic equipment, 
such as communication equipment, is not made to generate malfunction 
[0037] As for such drawer polar zone 4, it is desirable that it considers as the 
range of 0.1t-0.5t when height T of the part projected on the outside of the 
principal plane of a capacitor element 5 sets thickness of an insulating layer 6 to t. 
it projected -- it pulls out and height T of the polar zone 4 is less than 0. 1t — 
penetration - since sufficient pressure for a conductor 8 is not applied - a 
conductor - the effectiveness of raising pack density - small - becoming - 
penetration - it is in the inclination for the inductance of a conductor 8 to become 



large, moreover, the time of carrying out the laminating of the insulating layer 6, 
and pressurizing it, if it exceeds 0.5t -- penetration -- a pressure is applied to a 
conductor 8 too much, and there is an inclination which curvature generates in 
the multilayer substrate 1 1 with a built-in capacitor. Therefore, it pulls out, and 
when [ whose height T of the lobe of the polar zone 4 set thickness of an 
insulating layer 6 to t ] the outside of the principal plane of a capacitor element 5 
is made to project, the range of 0.1t-0.5t is desirable [ T ]. 
[0038] moreover, the penetration which was projected on the outside of capacitor 
element 5 principal plane and which pulled out and formed the diameter of the 
cross section of a direction parallel to the insulating layer 6 of the polar zone 4 in 
the insulating layer 6 -- it is desirable that it is larger than the diameter of a 
conductor 8. penetration -- the time of carrying out the laminating of the insulating 
layer 6, and pressurizing it by making it larger than the diameter of a conductor 8, 
-- penetration -- since a pressure is applied to a conductor 8 at homogeneity -- 
penetration ~ the consistency of a conductor 8 can go up and electric resistance 
can be decreased. 

[0039] As an approach of pulling out on the outside of the principal plane of such 
a capacitor element 5, and making the polar zone 4 projecting A through tube 3 
is formed in the ceramic green sheet layered product before the ceramic 
dielectric layer 2 and baking which changes. After filling up with and pulling out a 
metallic conductor and forming the polar zone 4 in this through tube 3, before 
calcinating these, by performing roughening processing according the surface 
part of ceramic green sheet layered products other than drawer polar-zone 4 to 
brushing Or it can pull out by irradiating laser on a ceramic green sheet layered 
product front face, and removing a part of ceramic green sheet front face, and 
the polar zone 4 can be made to project. Or after forming a through tube 3 in a 
ceramic green sheet layered product, by placing the mask which has the 
thickness of the request by which opening of the part of a through tube 3 was 
carried out to the ceramic green sheet front face, and filling up a through tube 3 
with a metallic conductor using a squeegee etc. from on the, the drawer polar 



zone 4 equivalent to the thickness of a mask may be made to project, and you 
may form by finally calcinating these. Furthermore, after sticking protective coats, 
such as a resin film, on a ceramic green sheet layered product front face, it can 
also form by calcinating having formed the through tube 3, filling up this through 
tube 3 with a metallic conductor from on a protective coat, and stripping off a 
protective coat after an appropriate time, or attaching a protective coat. Ceramic 
dielectric layer 2 part of the front face of the capacitor element 5 after baking may 
be removed by the chemical technique, such as etching, and the drawer 
electrical-and-electric-equipment polar zone 4 may be made to project further 
again. 

[0040] in addition -- although the triangle in which the hemicycle, the polygon, or 
the point sharpened [ the cross section of a direction perpendicular to an 
insulating layer 6 ] is sufficient as the configuration of the lobe of the drawer polar 
zone 4 -- the point of the drawer polar zone 4, and penetration -- as for the cross- 
section configuration of the drawer polar zone 4, from a viewpoint of making the 
touch area of a conductor 8 increasing and making firm adhesion with an 
insulating layer 6 and a capacitor element 5, it is desirable that it is a hemicycle. 
it projected by considering as such a hemicycle -- pulling out -- the polar zone 4 
and penetration -- a touch area with a conductor 8 - increasing -- consequently, 
the capacitor element 5 - penetration -- being restrained by the conductor 8 - 
the drawer polar zone 4 and penetration - it does not exfoliate and disconnect 
between conductors 8 

[0041] As an approach of controlling the form of the lobe of such drawer polar 
zone 4, a through tube 3 is formed in a ceramic green sheet layered product, and 
the configuration of the mask at the time of filling up a through tube 3 with a 
metallic conductor can be adjusted, or it can adjust by grinding the lobe front face 
of the drawer polar zone 4 after baking. 

[0042] Next, the multilayer-interconnection substrate 11 with a built-in capacitor 
element of this invention is explained to a detail based on drawing 2 and drawing 
3 . In addition, drawing 3 (a) - (g) is a sectional view for every process for 



manufacturing the multilayer-interconnection substrate 11 with a built-in capacitor 
element of drawing 2 . 

[0043] First, as shown to drawing 3 (a) in a sectional view, precursor sheet 6a 
which is not hardened [ an insulating layer 6 and / which change ] is prepared, 
and the through tube 12 whose diameter is about 17-150 micrometers is drilled in 
a desired part by laser beam machining at this precursor sheet 6a. 
[0044] Non-hardened precursor sheet 6a consists of organic resin ingredients, 
such as an epoxy resin, and bismaleimide triazine resin, thermosetting 
polyphenylene ether resin, liquid crystal polymer resin. Coupling agents, such as 
a silane system for raising a mechanical strength, and a titanate system, Light 
stabilizer, such as an ultraviolet ray absorbent for improving the antioxidant and 
lightfastness for improving thermal stability, Fire-resistant assistants, such as a 
fire-resistant agent of the halogen system for improving fire retardancy, or a 
phosphoric-acid system, an antimony system compound, and boric-acid zinc, 
metaboric acid barium, a zirconium dioxide, Lubricant, such as a higher fatty acid 
for improving lubricity, and higher-fatty-acid ester, a higher-fatty-acid metal salt, a 
fluorocarbon system surfactant, In order to adjust a coefficient of thermal 
expansion And/or, a mechanical strength The aluminum oxide, the oxidization 
silicon, the titanium oxide, the barium oxide, the strontium oxide and the 
zirconium dioxide, the calcium-oxide zeolite, the silicon nitride and alumimium 
nitride, the silicon carbide, and boric-acid ARUMINIU for making it improve Base 
materials, such as a nonwoven fabric which consists of glass fabrics etc. and the 
heat-resistant organic resin fiber which wove fillers, such as MU stannic-acid 
barium zirconic acid barium zirconic acid strontium, or fibrous glass into blanket- 
like, may be made to contain. 

[0045] Such precursor sheet 6a is manufactured by the following approaches, 
when using the composite material of thermosetting resin and inorganic 
insulation powder as an insulating material. First, the mixture which added 
thermosetting resin to the inorganic insulation powder mentioned above with the 
solvent so that the amount of inorganic insulation powder might become with 17 - 



80 volume % is obtained, this mixture is mixed with the means of a kneading 
machine (kneader), 3 rolls, etc., and a paste is manufactured. And after adopting 
sheet forming methods, such as the rolling-out method, and an extrusion process, 
a radiation method, a doctor blade method, and fabricating this paste in the 
shape of a sheet, when thermosetting resin heats and dries to the temperature 
which does not carry out full hardening, precursor sheet 6a used as an insulating 
layer 6 is manufactured. In addition, a paste is a fluid which has suitably the 
predetermined viscosity which comes to add solvents, such as toluene and butyl 
acetate, and methyl-ethyl-ketone methanol methyl-cellosolve acetate isopropyl 
alcohol methyl-isobutyl-ketone dimethylformamide, to the composite material of 
thermosetting resin and inorganic insulation powder, and although the viscosity is 
based also on a sheet forming method, 100-3000poise is desirable [ viscosity ]. 
[0046] next, the conductive paste which consists of copper, silver, gold, solder, 
etc. in a through tube 12 as shown to drawing 3 (b) in a sectional view -- the 
former -- well-known screen printing etc. ~ adopting -- being filled up - 
penetration ~ a conductor 8 is formed. 

[0047] next, wiring put on the front face and rear face of a precursor sheet as 
shown to drawing 3 (c) in a sectional view - a conductor 7 is prepared, and a 
sectional view shows to drawing 3 (d) -- as - wiring - a conductor 7 - wiring 
required for the front face and rear face of a precursor sheet - a conductor 7 and 
penetration - it piles up and imprints so that a conductor 8 may connect 
electrically. 

[0048] in addition - this example - wiring - formation of a conductor 7 - a 
replica method - carrying out - **** - such wiring - a conductor 7 is formed by 
the approach described below, first, the etching-resist removal after forming a 
resist layer so that a metallic foil with a thickness of 1-35 micrometers it is thin 
from one sort or two sorts or more of alloys chosen from copper, gold, silver, 
aluminum, etc. may be pasted up on the front face of the base materials 13, such 
as a mold release sheet, and it may become the mirror image pattern of a 
desired circuit pattern on the front face - wiring of the mirror image of a 



predetermined circuit pattern - a conductor 7 is formed, next, wiring - covering 
to the front face and rear face of precursor sheet 6a of a conductor 7 - wiring -- 
after a pressure carries out pressurization heating of the base material 13 with 
which the conductor 7 was formed superposition and after an appropriate time to 
the front face and rear face of precursor sheet 6a on the conditions 0.5 - 10MPa 
and whose temperature are 60-150 degrees C, by removing a base material 13 
shows to a sectional view at drawing 3 (e) ~ as -- wiring - a conductor 7 is put on 
a precursor sheet, in addition, this time - penetration -- what is considered as the 
condition which has not been hardened completely of not hardening is important 
for a conductor 8. 

[0049] Moreover, as a base material 13, well-known things, such as polyethylene 
terephthalate, and polyethylenenaphthalate polyimide polyphenylene sulfide, 
vinyl chloride polypropylene, can be used. 10-100 micrometers is suitable for the 
thickness of a base material 13, and its 25-50 micrometers are desirably good, 
wiring formed by a base material 13 bending [ deformation or ] as the thickness 
of a base material 13 is less than 10 micrometers - a conductor 7 -- 
disconnecting - being easy -- if thickness exceeds 100 micrometers, the 
flexibility of a base material 13 will be lost, and there is an inclination for 
exfoliation of the base material 13 from a precursor sheet to become difficult. 
Moreover, in order to form an electrolysis metallic foil in base material 13 front 
face, well-known adhesives, such as acrylic, and a rubber system, a silicon 
system, an epoxy system, may be used. 

[0050] And two or more precursor sheet 6a manufactured through the process of 
above-mentioned (a) - (f) as shown to drawing 3 (f) in a sectional view, The 
laminating of the precursor sheet is carried out. a capacitor element 5 -- 
preparing -- next, the point of the drawer polar zone 4 and penetration, while 
laying by performing alignment with a conductor 8 The multilayer-interconnection 
substrate 11 with a built-in capacitor element of this invention shown in drawing 3 
(g) with a sectional view is completed by temperature's carrying out at 150-300 
degrees C, and a pressure's carrying out a hotpress on condition that 0.5-1 OMPa 



for 30 minute - 24 hours, and carrying out full hardening of a precursor sheet and 
the conductive paste. 

[0051] In addition, what is necessary is just to drill it in the part in which the 
capacitor element 5 of precursor sheet 6a is held by laser or the punching 
method, before the cavernous section 10 which holds a capacitor element 5 
carries out the laminating of the precursor sheet 6a. 

[0052] in this way from having built the above-mentioned capacitor element 5 in 
the interior of the cavernous section 10 which the insulating layer 6 was further 
alike at least, and was prepared according to the multilayer-interconnection 
substrate 1 1 with a built-in capacitor element of this invention It becomes 
possible to realize low inductance-ization from the multilayer-interconnection 
substrate which contained the capacitor element by which the electrode was 
printed by the conventional end face. There is little generating of a noise and it 
can consider as the multilayer-interconnection substrate 1 1 with a built-in 
capacitor element which does not make electronic equipment, such as 
communication equipment, generate malfunction. 

[0053] It considers as the connection pad 9 by which some conductors 7 are 
connected with an external electrical circuit, moreover, wiring which is located in 
the up-and-down outermost layer according to the multilayer-interconnection 
substrate 1 1 with a built-in capacitor element of this invention - vertical both the 
principal planes of a capacitor element 5 - setting - pulling out - the polar zone 
4 - penetration, since it was made to connect with the connection pad 9 
electrically through a conductor 8 and becomes possible to connect an external 
electrical circuit with a capacitor element 5 electrically by the minimum distance 
The inductance resulting from the die length of wiring can be reduced, and the 
effectiveness of noise reduction can consider as the large multilayer- 
interconnection substrate 11 with a built-in capacitor element. 
[0054] In addition, although the multilayer-interconnection substrate 11 with a 
built-in capacitor element of this invention manufactured the multilayer- 
interconnection substrate 1 1 with a built-in capacitor element by carrying out the 



laminating of the insulating layer 6 of four layers in the above-mentioned example 
possible as for various modification when it was range which is not limited to an 
above-mentioned example and does not deviate from the summary of this 
invention, it may carry out the laminating of two-layer or the insulating layer 6 of 
three layers or five layers or more, and may manufacture the multilayer- 
interconnection substrate 11 with a built-in capacitor. Moreover, although the 
insulating layer 6 containing a capacitor element 5 was made into one layer in 
the above-mentioned example, it is good also as more than two-layer (a 
continuation layer is included). Furthermore, the two or more number per 
electrode of the drawer polar zone 4 formed in the capacitor element 5 may be 
formed. 
[0055] 

[Effect of the Invention] Since it shall have the drawer polar zone which the 
through tube which penetrates a capacitor element perpendicularly to many 
electrode layers is filled up with a conductor, and changes according to the 
capacitor element of this invention, and a diameter can form easily the detailed 
drawer polar zone of several 10 micrometers, without printing an end-face 
electrode and a surface electrode to a capacitor element, it can miniaturize. 
Moreover, since had to take about an electrode, it did not have to be carried out 
[ the end-face electrode and the surface electrode could be arranged in the 
capacitor element, ], it could pull out by the minimum distance right above [ of an 
electrode layer ] and the polar zone was formed, it should be possible to have 
made small the inductance component resulting from the die length of a leading- 
about electrode, and it should excel in the electrical property with few power- 
source noises also in the RF field. Furthermore, since the drawer polar zone has 
projected on the outside of the principal plane of a capacitor element according 
to the capacitor element of this invention When a capacitor element is built in a 
multilayer-interconnection substrate and a multilayer-interconnection substrate 
with a built-in capacitor element is manufactured, it sets at the pressurization 
process. It becomes possible to raise pack density, the penetration which was 



projected on the outside of the principal plane of a capacitor element and to 
which it pulled out and the polar zone was formed in the insulating layer - a 
conductor - pressurizing - penetration - the conductor of a conductor - 
penetration - the electric resistance of a conductor is decreased - it can make -- 
consequently, penetration -- the inductance component of a conductor can be 
made small, there is little generating of a noise, and electronic equipment, such 
as communication equipment, is not made to generate malfunction 
[0056] moreover, from having built the above-mentioned capacitor element in the 
interior of the cavernous section which the insulating layer was further alike at 
least, and was prepared according to the multilayer-interconnection substrate 
with a built-in capacitor element of this invention Since a capacitor element haves 
to arrange neither an end-face electrode nor a surface electrode like the 
conventional capacitor element and does not have to take about and carry out an 
electrode It becomes possible to realize low inductance-ization from the 
multilayer-interconnection substrate which contained the conventional capacitor 
element, and there is little generating of a noise and it can consider as the 
multilayer-interconnection substrate with a built-in capacitor element which does 
not make electronic equipment, such as communication equipment, generate 
malfunction. 

[0057] It considers as the connection pad by which some conductors are 
connected with an external electrical circuit, furthermore, wiring which is located 
in the up-and-down outermost layer according to the multilayer-interconnection 
substrate with a built-in capacitor element of this invention -- vertical both the 
principal planes of a capacitor element - setting -- pulling out -- the polar zone -- 
penetration, since it was made to connect with a connection pad electrically 
through a conductor and becomes possible to connect an external electrical 
circuit with a capacitor element electrically by the minimum distance The 
inductance resulting from the die length of wiring can be reduced, and the 
effectiveness of noise reduction can consider as a large multilayer- 
interconnection substrate with a built-in capacitor element. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view showing an example of the gestalt of 
operation of the capacitor element of this invention. 

[Drawing 2] It is the sectional view of the multilayer-interconnection substrate with 
a built-in capacitor element of this invention which built in the capacitor element 
of drawing 1 . 

[Drawing 3] (a) - (g) is a sectional view for every process for explaining the 
manufacture approach of the multilayer-interconnection substrate with a built-in 
capacitor element of this invention, respectively. 
[Description of Notations] 
1 Electrode layer 

2 Ceramic dielectric layer 

3 Through tube 

4 Drawer polar zone 

5 Capacitor element 

6 Insulating layer 

7 wiring -- a conductor 



8 penetration ~ a conductor 

9 Connection pad 

10 Cavernous section 

11 Multilayer-interconnection substrate with a built-in capacitor element 
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tfigJB UciL bfcv ^as tip 

LTiai-r s ; t i o i^ni e t % tmm^- h 
(±, y- vm&mz h j & *noo-3ooo*M xtwt i 

[ 0 0 4 6 ] ifct, 03 ( b ) tirffi0TWi: a t, 

[ 0 0 4 7 ] 03 ( c ) t$Tffi0TW=fc 0 1, 
fflg*^- b^UfflfcKfflh t»f l>ffitt*l*7 
flTfS. ^LT, 03 (d) tBfffiHTWiot, IS 

7 1 8 1 tmsm&mth x 0 tsfc 

[ 0 0 4 8 ] *HfWC(i:, f38*tt7<aj&j££ 

coimmicommiizm ■ & ■ « ■ ra^-^^ta 

m^Mfg£ ft* L , ^HHtFJrSoffii=; ^ - yco 
■y^y^" ■ yyx MSfcit j ^TFTrSoKft^-yco 

iMMlW#:7^ffMt-|»„ lSll»*7^lulB 
#cy- h 6 atDUffifc J;V'Kffi^»(i., ffi$fa»#c7 

*«§^^#;i3^frigfry-h 6 acommmv 
mm^mh^h^. jdWo.s-ioMPa, 
■&mt>m-i5o°cco^xi]ujs]um ttzm, ^mwrtft 
mmz kizk o , 03 ( e ) mmm^-tx o tie 

MSW#;8(±. ^^zmtLxv^v^mwmb LX 

[0 04 9] ttz. 3&tm3bLXH* ^yx^yy^ 
y^^y-b^yx^-yy-fy^y-b ■ skim 5 K 

■ *"ij7i-pyf/|/7r^f H ■ iS-ftb"-;!^ ■ ^iJTn 

t° y y ^*n« i> W&mx # § . £j$#i3<z>ff»iiio 

-100 m^ait* 0 , MtL< (425-50^ mtffi 
V\ S!f#:13tOi¥^M0//m*iiT"^l> tSSftB^f 
J^f tift^ 0 t X 0 ffM L 7 #Br& < 



i?t. ssfti3HHtmft?#«re^ffi? 

[0050]f tT. 03(f) tffiH0T"^J: 3 
t. ±IE(a)-(f)OIg^gTS#L^S«B#cy 
-b6at, r?yr>-9-S^5t&?PfiL, ^t. 

v mm^-h tkh tzmmss- h z mm i . fem&iw 

— 300°a JETl^O.5— 10MP aCO^XSOjf— 24fif^* 
^tS-^^-fcti-oT. 03 (g) tKH0T'^ 

[005 1]^, z2yTyy-m^5i:Wgi-&Smm 

io(i, frig*y-N6 aSrMii-rsfit. i?ig#cy-h 

6 a co 3 y r y-9" Si 1 5 #JRWS iiS fflFJtt y — f m*? 

ny&vrm,zx *)mkix&im^\ 
[ o o 5 2 ] j&k lt*M303 yr^s^^^Ji 

leilMl t i *Uf . ffii^l 6 coy^ < t fc -Ji tiftft 
^»ii^Sg(510coi*ig|3t±IB^3 yrV-fsli 1 5 Srftji 
Lfcifc3&»6, ffi*coSffitm®^EPffl§^3yr> 

oztcD^a >T>^?m&Mmmmi t-ri 

[ o o 5 3 ] ttz. *m<v3yTyim=Fm£mi 
mmmmzxiiii, ±Tcomm izimi-t mam* i 
<r>-3mun^m$ttmzh6mm;^y f 9 1 1. 

ayry+rm^ 5 0±TM±Htfcv^T^I^ ffi L€«§P 
4 ^MMWftS *^LT^yy K 9 t€MWt«^§ 

comm^ v ^ yr^^^^JiieiiaMii t -t 

h^tifiXth, 

[ o o 5 4 ] £iy ^mcoay fy^rm^mmm 

x*$>*). mm. ±m^mmmxn4McommMem 
mtz ztizx^xa y^y^-m^mmnmmmii 
* s# itzt\ 2 3 MS) h 5 Mv±<r)tmm e 
*wi lx n yfy^m^mnmmmmmi^Lx t 

ifc, Ji}#<7)^Iit^JT1i3yT>^i 1 5&^ 
»gli6^ l«i:L3t^ 2M (mmZ-kts) tt±k 
LXi>£\\ §^t. 3Vfyimf5KML!t5ll 
ffiL€Si54«i-oO€St'5# 2«lf«LT 

[0055] 
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mmmzmmmn^tix^m as iwtmm-t& 

Lnmm^m^zmm-h z t i tMzAmtt 
&z.tfrX'Z&, ttz, ay^yy-m^zimmm^m 

<vw±iz$mm~cm & Lwmitmm-h z. t &x 
# h <nx\ 3 1 # @ L€«^ji s a 4 y * y 
< -r h z t iwmv. mm&mmtzu \ ^x 
h mm j a x<ry>t£\^nmmztttft h^t-thzt 
ffixt> $ t> lz , *^0jo a y^y^rm^zuu^ 
mm Lmmmv n y r>^s^ o±ffi^Mi^tt l 

T ^ 5 «T\ 3 y fy^f £ LT 

a yrV^SH^i^/iieiSMMff Lfc*§£, 

L3t§i # ffi Lm&mmmmizm^titzmmmmm 
BLxmm^mmmmmmt z t mm t % 

mm. nmmmA y?? 9 yxmz'b* <-tizt 
[ o o 5 6 ] ^ *m<n3yTyvm=?ftn2>M& 

m$mmz±mayT>*m?$:ftMltiZ. bfr 

wmm^zitxit o zkm^a yfy^rm^ 



[ o o 5 7 ] § #hbjj<7>3 yr'y-f Sffftf^Ji 

^£^^|IIKfc«S$;ft£««^y Hi: U ny 
fytif^±TS±I(:fc^t?ll ffi LUMPSUM 

tzmmtz z. t mm t % h . msu^ § teH-r 
* >f y r ? ? yx s: mzc* . j a x\mmmt^ 
^ay^y-fm^mmmmmmtt^ z t vx-z 

[Hi ] ^mm^yfy^-m^commmmco-^n 

[112] 0iwyf>ttf*fiiLt*»3^ 
Ty-tf^rtii^ii@eirM^I)fffiHT^S . 

[03 ] ( a ) - ( g ) Ji, fftf^»3VfV 
fStt^)|lTffi0T-'fcl> o 



1 ■ ■ ■ ■ 


■ ■ ■ ■ 9&M 


2 ■ ■ ■ ■ 


■ ■ ■ ■ *7*-v?wmwm 


3 ■ ■ ■ ■ 


■ ■ ■ ■ MMfl 


4 ■ ■ ■ ■ 


■ • ■ • ^ftimmm 


5 • • • • 


■ ■ ■ ■ ayf^ttf 


6 ■ ■ ■ ■ 


■ • ■ -ffifM 


7 ■ ■ ■ ■ 


■ • ■ ■ 


8 ■ ■ ■ ■ 


■ ■ ■ 


9 ■ ■ ■ ■ 


■ ■ ■ -wm^'vY 


10 - ■ ■ ■ 


■ ■ ■ -®m 


11 ... . 





[01] 



[02] 
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[03] 





F^-A(##) 5E082 AB03 BC14 BC39 FG26 GG01 

GG28 JJ03 JJ15 JJ23 MM28 

5E346 AA60 CC08 CC09 CC32 CC34 

CC38 CC39 DD12 DD32 FF18 

FF45 GG15 HH02 HH04 



